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$H=( \frac{1}{i}\nabla-a)^{2}+V$ on $L^{2}(R^{d})$ ,
$a\in L_{lo\text{ }^{}2}(Rd)$ , real-valued function,
$V\in L_{l_{\mathit{0}\text{ }}^{}1}(R^{d}),$ $V\geq 0$ .
$V$ electric $\mathrm{p}_{\mathrm{o}\mathrm{t}\mathrm{e}\mathrm{n}\mathrm{t}}..\mathrm{i}\mathrm{a}1,$ $a$.
$B=\mathrm{c}\mathrm{u}\mathrm{r}\mathrm{l}a$ vector potential . $H$
$L^{2}(R)$ self-adjoint operator ([I-K], [L-S] ) .
Integrated density of states ( I $\mathrm{D}\mathrm{S}$ ) ,
, . I $\mathrm{D}$
$\mathrm{S}$ $R$ , 2 ([C-L] ) .
$\Omega$ $R^{d}$ , $\Omegaarrow R^{d}$ $\Omega$
regularity $R^{d}$ .
1) $H$ $L^{2}(\Omega)$ $X$ self-adjoint operator
$H_{\Omega}^{X}$ . $\lambda\in R$ , $H_{\Omega}^{X}\text{ }..\lambda$ $N_{\Omega}^{X}(\lambda)$ .
$\rho^{X}(\lambda)=\lim_{\Omegaarrow \mathrm{n}^{d}}\frac{N_{\Omega}^{X}(\lambda)}{\mathrm{v}\mathrm{o}1(\Omega)}$
, $\rho^{X}(\lambda)$ $X$ I $\mathrm{D}\mathrm{S}$ .
2) $C_{0}(R):=$ { $f$ : continuous function on $R$ with compact support} .
linear functional
$C_{0}(R) \ni farrow\frac{\mathrm{t}\mathrm{r}(x\Omega f(H)x_{\Omega})}{\mathrm{v}\mathrm{o}1(\Omega)}=:\rho_{\Omega}(f)$
positive functional . , $\chi_{\Omega}$ $\Omega$ . Riesz’s representation
.
theorem ([Ru] ) , Borel measure $d\rho_{\Omega}$
$\rho_{\Omega}(f)=\int_{\mathrm{R}}f(\lambda)d\rho_{\Omega}(\lambda)$
. $\Omegaarrow R^{d}$ , $d\rho_{\Omega}$ weak limit $d\rho$ , I $\mathrm{D}\mathrm{S}\rho(\lambda)$
.
$\rho(\lambda):=\int_{\mathrm{R}}x_{\mathrm{t}^{-\infty},\lambda}]d\rho$.
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I $\mathrm{D}\mathrm{S}\rho(\lambda)$ $\lambda$
, 1 . 1
$\Omega$ operator $H_{\Omega}^{X}$ , $R^{d}$
oper..a.t.or.-H $k$. . - 2 1
I $\mathrm{D}\mathrm{S}$ ,
, [H-S] . 2
$H$ spectrum $\sigma(H)$ I $\mathrm{D}\mathrm{S}$
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}(d\rho)=\sigma(H)$




([B-.P], [C-L], [K-M] ) . – ,
2 .
A) 1 2 – .
B) 1 $\rho^{X}(\lambda)$ $X$ .
A) , B) , $B=0$ ,
. A)
, [C-L] multi-dimensional random Schr\"odinger operator Dirichlet $\text{ }R.\text{ }$
1 , 2 – . B) , [B-P] l-dimensional
, [K-M] multi-dimensional , random Schr\"odinger operator
Dirichlet Neumann 1 – . [Sh]
almost-periodic coefficient elliptic differential operator I $\mathrm{D}\mathrm{S}$
, parabolic uniformly condition I $\mathrm{D}\mathrm{S}$
– . .




) $\mathcal{O}$ $R^{d}$ , .
(A 1) $\forall_{K}\subset R^{d}$ , compact set, $\exists_{\Omega}\in \mathcal{O}$ such $.\mathrm{t}$hat $K\subset\Omega$ .
(A 2) $\forall_{\epsilon}>0^{\exists}K\subset R^{d}$, compact set, such that
$\frac{\mathrm{v}\mathrm{o}\mathrm{l}(\{x\in\Omega|\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x,\partial\Omega)<1\})}{\mathrm{v}\mathrm{o}1(\Omega)}<\epsilon$
for $\forall_{\Omega}\supset K,$ $\Omega\in \mathcal{O}$ .
, $\Omega$ $\Omega\in \mathcal{O}$ $R^{d}$ . (A
1)
$-$




Operator $H$ $\Omega$ .
) $\Omega$ $R^{d}$ . $L^{2}(\Omega^{-i})$ $X$ Schr\"odinger operator
quadratic form self-adjoint operator .
$(H_{\Omega}^{x_{u}},$ $u)_{\Omega}=||( \frac{1}{i}\nabla-a)u||_{\Omega}2+||V^{1/2}u||_{\Omega}2$, for $\forall_{u}\in Q(H_{\Omega}^{X})$ .
, $Q(H_{\Omega}^{X})$ form domain . $Q(H_{\Omega}^{X})=\overline{C_{0}^{\infty}(\Omega)}$ ( form closure
) $X=D$ , $Q$
.
$(H_{\Omega}^{X})= \{u\in,L^{2}(\Omega)|(\frac{1}{}\dot{.}\nabla-a)u.\in(L^{2}(\Omega))d, V1/2u\in L2(\Omega)\}$
$X=N- \text{ }$ .
$H_{\Omega}^{D}$ Dirichlet operator . , $B=0$ $H_{\Omega}^{N}$ Neumann
operator .
, 1 2 measure
. 1 $N_{\Omega}^{X}(\lambda)/\mathrm{V}\mathrm{o}\mathrm{l}(\Omega)$ $\lambda\in R$
, $R$ measure $d\rho_{\Omega}^{X}$ – . $R$ measure
$\Omegaarrow R^{d}$ $C_{0}(R)$ functional weak topology
. ,
) $d\rho_{\Omega}arrow d\rho\Leftrightarrow_{de}f\forall_{f\mathrm{o}(R)^{\forall\exists d}}\in c\epsilon>0K\subset R$ , compact set, $\mathrm{s}.\mathrm{t}$ .
$| \int_{\mathrm{R}}f(\lambda)d\rho_{\Omega}(\lambda)-\int_{\mathrm{R}}f(\lambda)d\rho(\lambda)|<\epsilon$ , for $\forall_{\Omega}\in \mathcal{O},$ $\Omega\supset K$.
I $\mathrm{D}\mathrm{S}$ – 3 , –
.
(W) measure $d\rho_{\Omega}$ weak himit $d\rho$ .
(D) measure $d\rho_{\Omega}^{D}$ weak limit $d\rho^{D}$ .
(N) measure $d\rho_{\Omega}^{N}$ weak limit $d\rho^{N}$ .
(W) (D) .
Theorem 1 $\mathcal{O}$ $(\mathrm{A}1)$ , $(\mathrm{A}2)$ $R^{d}$ . (W)
(D) , – , $d\rho$ $d\rho^{D}$ measure
.
, (N) . Operator $H_{\Omega}^{N}$ , ($B=0$ Neumann
operator ) Dirichlet
, regularity
. $LM(r, A, B)$ . $LM(r, A, B)$
,
$r,A,$ $B>0$ $LM(r,A, B)$ . (W) ,
(D) , (N) – .
Theorem 2 $\mathcal{O}$ (A 1) , (A 2) $R^{d}$ , $r,$ $A,$ $B>$
$0$ $\mathcal{O}\subset LM(r,A, B)$ . (W) , (D) , (N)
, 1 , $d\rho,$ $d\rho^{D},$ $d\rho^{N}$ measure .
34
) $\mathcal{O}$ Theorem 2 , form sense $H_{\Omega}^{D}\geq H_{\Omega}^{X}\geq H_{\Omega}^{N}$
$X$ . periodic , Dirichlet Neumann
mix , Bloch .
2 Manifolds with Lipschitz boundary
$LM(r, A, B)$ (Manifolds with Lipschitz Boundary) . $r,$ $A,$ $B>0$
. $\Omega$ $R^{d}$ . $\mathrm{i}$) $- \mathrm{v}$) $\{U_{k}.’\chi_{k}.’ Sk, \phi k\}^{K}k=1$
$\Omega\in LM(r,A, B)$ .
i) $U_{k}$ $R^{d}$ , $\chi_{k}$ Affine transformation , $\chi_{k}(x)=A_{k}(X)+a_{k}$
. $A_{k}$ orthogonal matrix, $a_{k}$ constant vector . $S_{k}$ $R^{d-1}$
rectangle . $t>0$ ,
$S_{k}(t):=\{x’\in R^{d-1}|\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(xs’,)k<t\}$
$\phi_{k}$ $\overline{S_{k}(r)}$ Lipschitz continuous .
ii) $x\in R^{d}$ $x=(X’, X_{d}),X’\in R^{d-1},x_{d}\in R$ . ,
$\chi_{k}(U_{k})$ $=$ $\{(x’, xd)\in R^{d}|X’\in S_{k}(r), \emptyset k(x’)-r<x_{d}<\phi_{k}(X’)+r\}$
$\chi_{k}(U_{k}\cap\Omega)$ $=$ $\{(x’, xd)\in R^{d}|x’\in S_{k}(r), \phi k(x’)-r<x_{d}<\phi_{k}(x’)\}$
$\chi_{k}$ ( $U_{k}$ $\partial\Omega$) $=$ $\{(x’, xd)\in R^{d}|X/\in sk(r), Xd=\emptyset k(X)/\}$
.
iii) $\partial\Omega\subset\bigcup_{k=1}^{K}\chi_{k}^{-1}(\{(X’, x_{d})\in R^{d}|x’\in S_{k}, X_{d}=\phi k(x)/\})$ . $\{U_{k}\}_{k=1}^{K}$ $\partial\Omega$
open covering .
iv) $\phi_{k}$ Lipschitz constant $A$ .
$||\nabla\phi_{k}||_{L(}\infty\overline{S_{k(r)}})\leq A$, for $1\leq k\leq K$.
v) $U_{k}$ $B$ .
$\#\{k|x\in U_{k}\}\leq B$ , for $\forall_{X}\in R^{d}$ .
[B-P] M. M. Benderskii and L. A. Pastur, On the spectrum of the one-dimensional
Schr\"odinger equation with a random potential, Mat. Sbornik $\mathit{8}\mathit{2}(\mathit{1}\mathit{2}\mathit{4})(1970)$ .
[C-L] R. Carmona and J. Lacroix, Spectral theory of random Schr\"odinger operators,
Birkh\"auser, 1990.
35
[H-S] B. Helffer and J. Sj\"ostrand, Equation de Schr\"odinger avec champ magn\’etique et
\’equation de Harper, $Lec$. Note in Phys. 345(1989), 118-197.
[I-K] T. Ikebe and T. Kato, Uniqueness of the self-adjoint extension of singular elliptic
differential operators, Arch. Rational Mech. Anal. 9(1962), 77-92.
[K-M] W. Kirsch and F. Martinelli, On the density of states of the Schr\"odinger operators
with a random potential, J. Phys. A. Gen. 15(1982), 2139-2156.
[Ru] W. Rudin, Real and Complex Analysis, $\mathrm{M}\mathrm{c}\mathrm{G}\mathrm{r}\mathrm{a}\mathrm{w}$-Hill, 1987.
[Sh] M. A. Shubin, The density of states of selfadjoint elliptic operators with almost
perildic coefficients, Amer. Math. Soc. Transl. (2) Vol. 118(1982), 307-339.
36
